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ZHUH�PDGH�DW�WKH�&HQWHU�IRU�6RODU�6\VWHP�6WXGLHV��&6���IURP������
-DQXDU\� WKURXJK� 0DUFK�� 7DEOH� ,� OLVWV� WKH� WHOHVFRSHV� DQG� &&'�
FDPHUDV�WKDW�ZHUH�FRPELQHG�WR�PDNH�REVHUYDWLRQV��

8S�WR�QLQH�WHOHVFRSHV�FDQ�EH�XVHG�IRU�WKH�FDPSDLJQ��DOWKRXJK�VHYHQ�
LV�PRUH�FRPPRQ��$OO� WKH�FDPHUDV�XVH�&&'�FKLSV� IURP� WKH�.$)�
EOXH�HQKDQFHG� IDPLO\�DQG�VR�KDYH�HVVHQWLDOO\� WKH� VDPH�UHVSRQVH��
7KH�SL[HO�VFDOHV�UDQJHG�IURP�����������DUFVHF�SL[HO��

7HOHVFRSHV� &DPHUDV�
�����P�I�����6FKPLGW�&DVV� )/,�0LFUROLQH�����(�

�����P�I�����6FKPLGW�&DVV� )/,�3UROLQH�����(�

�����P�I�����6FKPLGW�&DVV� 6%,*�67/�����(�

�����P�I�����6FKPLGW�&DVV� �

�����P�I�����5LWFKH\�&KUpWLHQ��

7DEOH�,��/LVW�RI�DYDLODEOH�WHOHVFRSHV�DQG�&&'�FDPHUDV�DW�&6���7KH�
H[DFW�FRPELQDWLRQ� IRU�HDFK� WHOHVFRSH�FDPHUD�SDLU�FDQ�YDU\�GXH� WR�
PDLQWHQDQFH�RU�VSHFLILF�QHHGV��

$OO�OLJKWFXUYH�REVHUYDWLRQV�ZHUH�XQILOWHUHG�VLQFH�D�FOHDU�ILOWHU�FDQ�
FDXVH�D���������PDJ�ORVV��7KH�H[SRVXUH�GXUDWLRQ�YDULHG�GHSHQGLQJ�
RQ�WKH�DVWHURLG¶V�EULJKWQHVV�DQG�VN\�PRWLRQ��*XLGLQJ�RQ�D�ILHOG�VWDU�
VRPHWLPHV�UHVXOWHG�LQ�D�WUDLOHG�LPDJH�IRU�WKH�DVWHURLG��

0HDVXUHPHQWV�ZHUH�PDGH� XVLQJ�032�&DQRSXV�� 7KH�&RPS�6WDU�
6HOHFWRU�XWLOLW\�LQ�032�&DQRSXV�IRXQG�XS�WR�ILYH�FRPSDULVRQ�VWDUV�
RI� QHDU� VRODU�FRORU� IRU� GLIIHUHQWLDO� SKRWRPHWU\�� 7R� UHGXFH� WKH�
QXPEHU�RI�WLPHV�DQG�DPRXQWV�RI�DGMXVWLQJ�QLJKWO\�]HUR�SRLQWV��ZH�
XVH� WKH�$7/$6�FDWDORJ� U�� �65��PDJQLWXGHV� �7RQU\� HW� DO��� �������
7KRVH� DGMXVWPHQWV� DUH� XVXDOO\� _'_� d� ����� PDJ�� 7KH� ODUJHU�
FRUUHFWLRQV��ZKLFK�DUH�UDUH��PD\�KDYH�EHHQ�UHODWHG�LQ�SDUW�WR�XVLQJ�
XQILOWHUHG�REVHUYDWLRQV��SRRU�FHQWURLGLQJ�RI�WKH�UHIHUHQFH�VWDUV��DQG�
QRW�FRUUHFWLQJ�IRU�VHFRQG�RUGHU�H[WLQFWLRQ��$QRWKHU�FDXVH�PD\�EH�
VHOHFWLQJ� ZKDW� DSSHDUV� WR� EH� D� VLQJOH� VWDU� EXW� LV� DFWXDOO\� DQ�
XQUHVROYHG�SDLU��

7KH�<�D[LV�YDOXHV�DUH�$7/$6�65�³VN\´��FDWDORJ��PDJQLWXGHV��7KH�
WZR�YDOXHV�LQ�WKH�SDUHQWKHVHV�DUH�WKH�SKDVH�DQJOH��D��DQG�WKH�YDOXH�
RI�*�XVHG�WR�QRUPDOL]H�WKH�GDWD�WR�WKH�FRPSDULVRQ�VWDUV�XVHG�LQ�WKH�
HDUOLHVW�VHVVLRQ��7KLV��LQ�HIIHFW��KDG�DOO�WKH�REVHUYDWLRQV�PDGH�DW�D�
VLQJOH�IL[HG�GDWH�WLPH�DQG�SKDVH�DQJOH��OHDYLQJ�DQ\�YDULDWLRQV�GXH�
RQO\� WR�WKH�DVWHURLG¶V� URWDWLRQ�DQG�RU�DOEHGR�FKDQJHV��7KH�;�D[LV�
VKRZV�URWDWLRQDO�SKDVH�IURP�±�����WR�������,I�WKH�SORW�LQFOXGHV�WKH�
DPSOLWXGH��H�J���³$PS������´�� WKLV�LV� WKH�DPSOLWXGH�RI�WKH�)RXULHU�
PRGHO� FXUYH� DQG� QRW� QHFHVVDULO\� WKH� DGRSWHG� DPSOLWXGH� IRU� WKH�
OLJKWFXUYH���

³/&'%´�UHIHUV�WR�:DUQHU�HW�DO���������IURP�KHUH�RQ��

�����$OPHULD��:DUQHU��������IRXQG�D�SHULRG�RI�������K�EDVHG�RQ�D�
QRLV\� VSDUVH� GDWD� VHW� IURP� ������ 2XU� ����� GDWD� VHW� ������� GDWD�
SRLQWV�RYHU����GD\V��OHG�WR�3� ��������K��7KH�SHULRG�VSHFWUXP�XVLQJ�
WKH������GDWD�FRQILUPV�DQ�HVVHQWLDOO\�]HUR�FKDQFH�IRU������K��

�

�������������%;���0RWWROD�HW�DO���������IRXQG�D�SHULRG�RI��������
K�IRU�WKLV�����P�1($��3UDYHF�HW�DO�������ZHE��UHSRUWHG��������K��
2XU�UHVXOW�LV�LQ�JRRG�DJUHHPHQW�ZLWK�WKRVH�HDUOLHU�UHSRUWV��

�

�

'XULQJ� SHULRG� DQDO\VLV��ZH� IRXQG� XVLQJ� WKH� GHIDXOW� RI�*�  � �����
SURGXFHG� DQ� LOO�ILWWLQJ� OLJKWFXUYH�� 2XU� GDWD� FRYHUHG� D� VXIILFLHQW�
UDQJH�RI�SKDVH�DQJOHV�WR�ILQG�D�QHZ�YDOXH�RI�*65� �������:KHQ�WKLV�
YDOXH� ZDV� XVHG�� DOPRVW� QR� RU� YHU\� VPDOO� ]HUR�SRLQW� DGMXVWPHQWV�
ZHUH� UHTXLUHG� WR� SURGXFH� D� FOHDQ�ILWWLQJ� OLJKWFXUYH�� $VVXPLQJ��
9�65� �������:DUQHU�DQG�6WHSKHQV���������JLYHV�+� ��������7KH�
03&25%�FDWDORJ�JLYHV�+� �������
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������$SRSKLV��7KH�WXPEOLQJ�VWDWH�RI�$SRSKLV�ZDV�ZHOO�VWXGLHG�E\�
3UDYHF�HW�DO����������7KH\�IRXQG�WKH�VWURQJHVW�OLJKWFXUYH�DPSOLWXGH�
ZDV�LQ�WKH�VHFRQG�KDUPRQLF�RI�3�� ��3I���±�3\���±�� �������K��7KH�
WUXH� SHULRGV� IRU� SUHFHVVLRQ� DQG� URWDWLRQ� DUH� 3I� � ������ K� DQG��
3\� �����K��2XU�GDWD�FOHDUO\�VKRZ�WKDW�WKH�DVWHURLG�LV�WXPEOLQJ�DQG�
WKDW� RXU� UHVXOW� RI� WKH� GRPLQDQW� SHULRG� IRXQG� E\�032� &DQRSXV�
FORVHO\�PDWFKHV�3UDYHF�HW�DO����������

�

��������������23���:LWK�VXFK�D�IODW�OLJKWFXUYH��RXU�UHVXOW�FRXOG�EH�
WKH� UHVXOW� RI� WKH� )RXULHU� DQDO\VLV� ODWFKLQJ� RQWR� QRLVH� DQG� VR� WKH�
SHULRG�RI������K�LV�KLJKO\�TXHVWLRQDEOH��

�

��������� ����� (&��*DODG� DQG�.RUQRV� ������� IRXQG� D� SHULRG� RI�
������ K�� 7KH� SHULRG� VSHFWUXP� EDVHG� RQ� RXU� GDWD� VKRZV� D� ZHDN�
VROXWLRQ�QHDU�WKDW�UHVXOW�DV�ZHOO�DV�VHYHUDO�VWURQJ�SRVVLELOLWLHV��:H�
DGRSWHG�3� �������K��ZKLFK�SURGXFHG�D�ELPRGDO�OLJKWFXUYH��:LWK�
VXFK�D�ORZ�DPSOLWXGH��D�PRQR��RU�PXOWLPRGDO�OLJKWFXUYH�LV�SRVVLEOH�
DV� ZHOO� �+DUULV� HW� DO��� ������� 7KH� DV\PPHWU\� RI� WKH� ELPRGDO�
OLJKWFXUYH�SURYHG�KHOSIXO�LQ�UHMHFWLQJ�WKRVH�RWKHU�VROXWLRQV��

�

�

��������������40����7KHUH�ZHUH�QR�SUHYLRXV�UHVXOWV�LQ�WKH�/&'%�
IRU�WKLV�����P�1($��'HVSLWH�WKH�QRLV\�GDWD��ZH�ZHUH�DEOH�WR�ILQG�D�
UHDVRQDEO\�UHOLDEOH�SHULRG�RI������K��:H�DOVR�WULHG�RWKHU�SHULRGV�WKDW�
ZHUH� QHDUO\� FRPPHQVXUDWH� ZLWK� DQ� (DUWK� GD\�� 7KH� UHVXOWLQJ�
OLJKWFXUYHV�ZHUH�FRQVLGHUHG�LPSODXVLEOH��

�

��������� ����� ;3����� :H� REVHUYHG� WKLV� ����P� 1($� IRU� WZR�
QLJKWV�� 7KH� FRPELQHG� OLJKWFXUYH�� ZLWK� D� VLQJOH� SHULRG� VROXWLRQ��
VKRZV� JRRG� RYHUODS� IURP� WKH� WZR� QLJKWV� LQ� VRPH� SODFHV� EXW�
FRQVLGHUDEOH� GLIIHUHQFH� LQ� RWKHUV�� *LYHQ� WKH� VL]H� DQG� GRPLQDQW�
SHULRG�RI������K��WXPEOLQJ�LV�SRVVLEOH��ERUGHULQJ�RQ�OLNHO\��3UDYHF�
� �
HW�DO����������������+RZHYHU��DOVR�SRVVLEOH�LV�WKDW�WKH�VKDSH�RI�WKH�
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OLJKWFXUYH�FKDQJHG�GUDPDWLFDOO\�DV�WKH�SKDVH�DQJOH�GHFUHDVHG�IURP�
����WR�����6SOLWWLQJ�WKH�GDWD�LQWR�LQGLYLGXDO�QLJKWV�VKRZV�D�JRRG�ILW�
WR�D�VLQJOH�SHULRG�IRU�WKH�)HEUXDU\�GDWD���������K���7KH�-DQXDU\�GDWD�
VHW�JDYH�3� �������K�EXW�ZDVQ¶W�DEOH�WR�FRYHU�D�IXOO�OLJKWFXUYH��

:KHWKHU� RU� QRW� WKH� DVWHURLG� LV� LQ� D� WXPEOLQJ� VWDWH� FDQQRW� EH�
FRQILUPHG� IURP� RXU� GDWD� VHW� DORQH�� 8QIRUWXQDWHO\�� WKH� QH[W� WLPH��
�����;3����LV�9������LV�QRW�XQWLO������-DQXDU\��ZKHQ�LW�ZLOO�EH��
9�a������DW�D�'HFOLQDWLRQ�RI������

�

�

�

��������� �����$)��� 7KH� VKDSH� RI� WKH� OLJKWFXUYH� IRU� WKLV� ����P�
1($�DOVR�FKDQJHG�GUDPDWLFDOO\�RYHU�WKH�UDQJH�RI�RXU�REVHUYDWLRQV��
7KLV�LV�FOHDUO\�VKRZQ�ZKHQ�WU\LQJ�WR�SORW�WKH�IXOO�GDWD�VHW�WR�D�VLQJOH�
SHULRG��7KH�ODUJH�SKDVH�DQJOHV�SUREDEO\�DOORZHG�VKDGRZLQJ�HIIHFWV�
WR�LQIOXHQFH�WKH�OLJKWFXUYH�VKDSH��EHLQJ�WULPRGDO�LQ�WKH�FRPELQHG�
DQG�-DQ������SORWV�EXW�DOPRVW�TXDGULPRGDO�IRU�-DQ�����

�

�

�
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6SOLWWLQJ� WKH�GDWD� VHW� LQWR� VHSDUDWH�QLJKWV� VKRZV� WKDW� WKH� VLGHUHDO�
SHULRG� GHFUHDVHG� DV� WKH� SKDVH� DQJOH� GHFUHDVHG�� 7KLV� LV� XVXDOO\�
LQWHUSUHWHG�WR�PHDQ�WKDW�WKH�DVWHURLG�URWDWLRQ�LV�SURJUDGH��

��������� �����71���� 7KH� HVWLPDWHG� GLDPHWHU� IRU� �����71��� LV��
�� NP�� 7KHUH� ZHUH� QR� SUHYLRXV� HQWULHV� LQ� WKH� /&'%��:KLOH� WKH�
OLJKWFXUYH� VKDSH� LV� DV\PPHWULFDO�� QR� RWKHU� SHULRG� SURGXFHG� D�
SODXVLEOH�OLJKWFXUYH��

�

��������������8/����:DUQHU������D��IRXQG�DQ�XQUHOLDEOH��8� ����
SHULRG�RI�������K�LQ�������7KH�DPSOLWXGH�DW�WKDW�WLPH�ZDV�YHU\�ORZ��
+RZHYHU��REVHUYDWLRQV�VL[�PRQWKV�ODWHU��:DUQHU������E��UHYHDOHG�
D� OLJKWFXUYH� ZLWK� ����� PDJ� DPSOLWXGH� DQG� UHOLDEOH� SHULRG� RI��
������K��7KH������GDWD�DOVR�SURGXFHG�DQ�XQUHOLDEOH�VROXWLRQ�EHFDXVH�
RI�ORZ�DPSOLWXGH��,W¶V�ZRUWK�QRWLQJ�WKDW�WKH������DQG�������K�SHULRGV�
KDYH�D�YHU\�FORVH�WR�����UDWLR��

�

�

��������������:)�����7KHUH�ZHUH�QR�SUHYLRXVO\�UHSRUWHG�URWDWLRQ�
SHULRGV� LQ� WKH� /&'%�� 8VLQJ� WKH� GHIDXOW� DOEHGR� RI� ���� DQG� WKH�
03&25%�+� ������JLYHV�D�GLDPHWHU�RI������NP��+RZHYHU��0DLQ]HU�
HW�DO���������XVLQJ�:,6(�GDWD�DQG�+� ������IRXQG�'� ������NP��
7KLV�OHDGV�WR�D�GHULYHG�DOEHGR�RI��������ZKLFK�LV�QRWDEO\�GDUNHU�WKDQ�
WKH� W\SLFDO�1($�ZLWK� D� WD[RQRPLF� FODVV� LQ� WKH�6� FRPSOH[�� 6XFK�
SUHVXPHG�LQWHUORSHUV�DUH�QRW�XQH[SHFWHG��

7KH�UDZ�SORW�RI�WKH�GDWD�VKRZV�VHHPLQJO\�JRRG�HYLGHQFH�WKDW�WKH�
DVWHURLG�LV�WXPEOLQJ��7KLV�KLJKO\�OLNHO\�EDVHG�RQ�WKH�GHULYHG�SHULRG�
DQG�GLDPHWHU��3UDYHF�HW�DO����������������032�&DQRSXV�FRXOG�ILQG�
RQO\� WKH� GRPLQDQW� SHULRG�� ZKLFK� LV� SRVVLEO\� WKH� VHFRQG�RUGHU�
KDUPRQLF� RI� WKH� URWDWLRQ� DQG� SUHFHVVLRQ� IUHTXHQFLHV� �VHH� WKH�
GLVFXVVLRQ�IRU�������$SRSKLV�DERYH���

�

�
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$�IROORZ�XS�FDPSDLJQ�LQYROYLQJ�VHYHUDO�REVHUYHUV�LV�XQOLNHO\��WKH�
DVWHURLG�UHPDLQV�9��������WKURXJK�������

�����<0���7KH�HVWLPDWHG�GLDPHWHU�IRU������<0��LV�����P��7KHUH�
ZHUH�QR�SUHYLRXVO\�UHSRUWHG�SHULRGV�LQ�WKH�/&'%��

�

�����$)����7KHUH�ZHUH�QR�SUHYLRXV�HQWULHV� LQ�WKH�/&'%�IRU�WKLV�
����P�DVWHURLG��,W¶V�VL]H�DQG�WKH�GRPLQDQW�SHULRG�QHDU����K�PDNH�
WKLV�D�OLNHO\�WXPEOLQJ�DVWHURLG�FDQGLGDWH��3UDYHF�HW�DO����������������

�
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7KH�³1R6XE´�SORW�VKRZV�WKDW�D�VLQJOH�SHULRG�VROXWLRQ�ZDV�QRW�JRLQJ�
WR�EH�SRVVLEOH��:H�WULHG� WKH�GXDO�SHULRG�VHDUFK� LQ�032�&DQRSXV�
GHVSLWH�LW�QRW�EHLQJ�DEOH�WR�KDQGOH�WXPEOLQJ�DVWHURLGV�SURSHUO\��7KLV�
OHG�WR�D�GRPLQDQW�SHULRG�RI������K�EXW�HYHQ�VR��WKH�ILW�RI�WKH�GDWD�WR�
WKH�PRGHO�FXUYH�LV�PDUJLQDO��7KH�OLJKWFXUYH�IRU�WKH�VHFRQG�SHULRG�
RI�������K�VHHPV�SK\VLFDOO\�LPSUREDEOH��OHDYLQJ�LW�DQG�WKH�GRPLQDQW�
SHULRG� WR� EH� KDUPRQLFV� RI� WKH� WUXH� SHULRGV� RI� SUHFHVVLRQ� DQG�
URWDWLRQ��RU�VRPH�XQH[SODLQHG�V\VWHPDWLF�SUREOHP��

�����4'���'HVSLWH�WKH�QRLV\�GDWD�VHW�ZH�ZHUH�DEOH�WR�ILQG�D�VHFXUH�
D�UHVXOW�RI�������K�IRU�WKLV�����P�1($��7KH�REVHUYDWLRQV�FRYHUHG�D�
VXIILFLHQW� UDQJH� RI� SKDVH� DQJOHV� WR� DOORZ� ILQGLQJ� WKH� +�*�
SDUDPHWHUV��

�

�

$VVXPLQJ� 9�65�  � ����� �:DUQHU� DQG� 6WHSKHQV�� ������ JLYHV��
+� ��������7KLV�LV�YHU\�FORVH�WR�WKH�03&25%�+� �������

7KH�YDOXH� IRU�*� LV�RQ� WKH� ORZHU�HQG�RI� WKRVH�DOORZHG� IRU�6�W\SH�
DVWHURLGV�� +RZHYHU�� LW¶V� DOVR� ZHOO� ZLWKLQ� WKH� UDQJH� RI� WKRVH� IRU��
&�W\SH� DVWHURLGV� �:DUQHU� HW� DO�� ������� %DUULQJ� VSHFWURVFRSLF� RU�
PXOWL�FRORU�REVHUYDWLRQV��WKH�WD[RQRPLF�FODVV�LV�XQFHUWDLQ��6LQFH�WKH�
DYHUDJH� DOEHGRV� IRU� WKH� WZR� FODVVHV� GLIIHU� E\� ������ WKH� DFWXDO�
GLDPHWHU�FRXOG�UDQJH�IURP�����P��W\SH�6��WR�����P��W\SH�&��ZKHQ�
XVLQJ�+� �������

�����%&����7KH�QRLV\�DQG�VSDUVH�GDWD�VHW�IRU������%&����ZLWK�DQ�
HVWLPDWHG� GLDPHWHU� RI� ���� P�� FRXOG� SURGXFH� RQO\� D� PDUJLQDOO\�
XVHIXO� VROXWLRQ�� *LYHQ� WKH� ORZ� SKDVH� DQJOH� DQG� DOPRVW� ���� PDJ�
DPSOLWXGH��ZH�RSWHG�IRU�D�ELPRGDO�OLJKWFXUYH�VROXWLRQ��+DUULV�HW�DO���
�������

�

�
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�����$6����6HYHUDO�(DUWK�GD\�FRPPHQVXUDWH�VROXWLRQV�ZHUH�LQ�WKH�
SHULRG� VSHFWUXP�� 7KH� OLJKWFXUYH� DW� ����� K� LV� ELPRGDO� EXW� D�
PRQRPRGDO� VROXWLRQ� DW� ��� K� LV� DOVR� SRVVLEOH�� ,Q� WKDW� FDVH�� WKH�
DPSOLWXGH�ZRXOG�EH�VLJQLILFDQWO\�ODUJHU��7KH�KDOI�SHULRG��QHDU����K��
OLJKWFXUYH�ZDV�WRR�VKDOORZ�FRPSDUHG�WR�WKH�VORSHV�RI�WKH�UDZ�GDWD�
IURP�LQGLYLGXDO�QLJKWV��

�

����� 33���� 1RLVH� DQG� ORZ� DPSOLWXGH� FRQWULEXWHG� WR� ILQGLQJ� DQ�
XQFHUWDLQ� VROXWLRQ� RI� ����� K�� 7KH� SHULRG� VSHFWUXP� VKRZHG� VRPH�
RWKHU�� KDUPRQLFDOO\� UHODWHG�� SHULRGV�EXW�ZH�FKRVH� WKH�SHULRG� WKDW�
JDYH�WKH�PRVW�SUREDEOH�OLJKWFXUYH��

�

�����:0���7KHUH�ZHUH�QR�URWDWLRQ�SHULRGV�IRXQG�LQ�WKH�/&'%�IRU�
WKH�����P������:0���7KLV�LV�DQRWKHU�DVWHURLG�ZLWK�D�SHULRG�QHDUO\�
FRPPHQVXUDWH�ZLWK�DQ�(DUWK�GD\��7KH�VORSHV�RI�WKH�)RXULHU�FXUYH�
DW�������K�ZHUH�VLPLODU�WR�WKRVH�IRU�WKH�GDWD�RQ�LQGLYLGXDO�QLJKWV��
+RZHYHU�� WKH� KDOI�SHULRG� DW� ���� K� ZLWK� D�PRQRPRGDO� OLJKWFXUYH�
FDQQRW�EH�IRUPDOO\�H[FOXGHG��

�

�����<4���:H� REVHUYHG� �����<4�� LQ� ����� IURP� HDUO\� WR�PLG�
-DQXDU\�� 7KH� ³1R6XE´� SORW� DW� D� VLQJOH� SHULRG� LQGLFDWHG� WKDW� WKH�
DVWHURLG�ZDV�OLNHO\�LQ�D�WXPEOLQJ�VWDWH��

�
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JRRG�ILWV�RI�WKH�GDWD�WR�WKH�)RXULHU�FXUYH��+RZHYHU��EHFDXVH�RI�WKH�
OLPLWDWLRQV�RI�WKH�VRIWZDUH��ZH�IRUZDUGHG�RXU�GDWD�WR�3HWU�3UDYHF��
ZKR�LQFRUSRUDWHG�RXU�GDWD�ZLWK�KLV�REWDLQHG�LQWR�PLG�)HEUXDU\��7KH�
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7KDQNV�WR�3HWU�3UDYHF��2QGUHMRY�2EVHUYDWRU\��2QGUHMRY��&=(&+�
5(38%/,&�� IRU� KLV� DGYLFH� DQG� UHYLHZLQJ� RXU� GDWD� RI� VXVSHFWHG�
WXPEOLQJ�DVWHURLGV��)XQGLQJ�IRU�REVHUYDWLRQV�DW�&6��DQG�ZRUN�RQ�
WKH�DVWHURLG�OLJKWFXUYH�GDWDEDVH��:DUQHU�HW�DO���������DQG�$/&'()�
GDWDEDVH� �DOFGHI�RUJ�� DUH� VXSSRUWHG� E\� 1$6$� JUDQW�
��166&��.������7KH�DXWKRUV�JUDWHIXOO\�DFNQRZOHGJH�6KRHPDNHU�
1(2�*UDQWV�IURP�WKH�3ODQHWDU\�6RFLHW\���������������7KHVH�ZHUH�
XVHG�WR�SXUFKDVH�VRPH�RI�WKH�WHOHVFRSHV�DQG�&&'�FDPHUDV�XVHG�LQ�
WKLV�UHVHDUFK��

7KLV�ZRUN�LQFOXGHV�GDWD�IURP�WKH�$VWHURLG�7HUUHVWULDO�LPSDFW�/DVW�
$OHUW� 6\VWHP� �$7/$6�� SURMHFW�� $7/$6� LV� SULPDULO\� IXQGHG� WR�
VHDUFK�IRU�QHDU�HDUWK�DVWHURLGV�WKURXJK�1$6$�JUDQWV�11��$5��*��
��166&��.������DQG���166&��.������E\SURGXFWV�RI�WKH�1(2�
VHDUFK� LQFOXGH� LPDJHV� DQG� FDWDORJV� IURP� WKH� VXUYH\� DUHD�� 7KH�
$7/$6� VFLHQFH� SURGXFWV� KDYH� EHHQ� PDGH� SRVVLEOH� WKURXJK� WKH�
FRQWULEXWLRQV�RI�WKH�8QLYHUVLW\�RI�+DZDLL�,QVWLWXWH�IRU�$VWURQRP\��
WKH� 4XHHQ
V� 8QLYHUVLW\� %HOIDVW�� WKH� 6SDFH� 7HOHVFRSH� 6FLHQFH�
,QVWLWXWH��DQG�WKH�6RXWK�$IULFDQ�$VWURQRPLFDO�2EVHUYDWRU\��

5HIHUHQFHV�
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IURP�DQ�DJHQF\�ZLWK�D�ORQJ�OLIHWLPH�H[SHFWDQF\��6LWHV�UXQ�E\�SULYDWH�
LQGLYLGXDOV��HYHQ�LI�RQ�DQ�LQVWLWXWLRQDO�ZHE�VLWH��GR�QRW�QHFHVVDULO\�
IDOO�LQWR�WKLV�FDWHJRU\��
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+DUULV�� $�:��� 3UDYHF�� 3��� *DODG�� $��� 6NLII�� %�$���:DUQHU�� %�'���
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3UDYHF��3���:ROI��0���6DURXQRYD��/�������ZHE������ZHE�����
KWWS���ZZZ�DVX�FDV�F]�aSSUDYHF�QHR�KWP�
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+HUJHQURWKHU��&�:���0RWWROD��6���+LFNV��0�'���0DVL��*���.UXJO\��
<X�1���6KHYFKHQNR��9�*���1RODQ��0�&���+RZHOO��(�6���.DDVDODLQHQ��
0���*DOiG��$���%URZQ��3���'HJUDII��'�5���/DPEHUW��-�9���&RRQH\��
:�5��� )RJOLD�� 6�� �������� ³7XPEOLQJ� DVWHURLGV�´� ,FDUXV������ ����
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+RUQRFK��.���*DODG��$���9RNURXKOLFN\��'���+DUULV��$�:���-HKLQ��(���
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